INTRODUCTION
Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive, and fatal lung disease characterised by the irreversible loss of lung function [1] . In a systematic review of studies from year 2000 onwards, a conservative annual incidence range of 3-9 cases per 100,000 population was estimated for Europe and North America, with a majority observing an increase in disease incidence over time [2] .
The prognosis for untreated patients with IPF is poor, with a reported median survival of 3-5 years from the time of diagnosis [3] . Risk factors for mortality include male sex, older age ([ 70 years), tobacco use, reduced lung function, pronounced fibrosis at time of diagnosis and pulmonary hypertension [4] . IPF is furthermore associated with comorbidities such as gastroesophageal reflux disease [5] , obstructive sleep apnoea [6] and vascular disease [7, 8] .
Available data on incidence and prevalence of IPF in Sweden are limited. A recently launched web-based registry of IPF patients in Sweden recorded 71 patients from 11 respiratory clinics within the first year of its launch [9] . In a nationwide study in Finland that used hospital records combined with familial screening for case detection, the prevalence of IPF was estimated to be 16-18 per 100,000 population [10] .
In this study, the data from the Swedish national healthcare registries, maintained by the National Board of Health and Welfare (NBHW), and electronic medical records (EMR) were used to estimate the incidence and prevalence of pulmonary fibrosis in Sweden, and to describe the demographic and clinical characteristics and the overall survival of patients in Sweden with IPF.
METHODS

Study Design and Setting
The study was a retrospective cohort study comprising two cohorts of patients in Sweden diagnosed with pulmonary fibrosis: (1) a national cohort based on linked patient-level data from national population-based health registers (cohort 1); and (2) a subnational cohort based on patients from two healthcare regions, Stockholm and Uppsala county councils, including patient-level information from EMRs in primary care and pulmonary clinics linked to the national health register data (cohort 2). Cohort 2 was an in-depth EMR-based regional subset of cohort 1.
Data Sources
The following data sources were used in this study: 1. The Swedish National Patient Register The Swedish National Patient Register, which is held by NBHW, was established in 1964 [11] . Information on all completed in-patient admissions in publicly operated hospitals were added to the database in 1987, and collection of outpatient data commenced a decade later, in 1997. The key variables available in the database include age, gender, diagnosis, surgery, referral, region, hospital, specialty, and hospital admissions and discharges.
The National Patient Register was used primarily to identify the study population and to obtain information on patient demographic and clinical characteristics (age, gender, comorbidities) before and after disease diagnosis.
The Swedish Cause of Death Register
The Swedish Cause of Death Register contains data from 1952 onwards, updated annually by NBHW. The main variables included in the register are date and country of birth, nationality, residency, sex, marital status, date and place of death, underlying cause(s) of death based on ICD codes, autopsy type (if autopsied) and whether operated on within 4 weeks before death [12] . Although the quality of the death statistics may vary, in part due to the declining rates of autopsies over the past few decades and changes in the disease classification system and methods for statistical processing, the recorded date of death is accurate. The Cause of Death Register was used to ascertain information on mortality.
3. EMR Data EMR data from primary care and from four respiratory clinics in two Swedish County Councils, Stockholm and Uppsala, were extracted to obtain more detailed clinical information to include only patients with IPF. Patient identification and EMR data extraction was carried out using the Pygargus Customised Extraction Platform (CXP), which since 2005 has been used in many research projects on the Swedish healthcare system [13, 14] . Anonymous data on age, gender, prescriptions, diagnoses, measures, laboratory tests, healthcare professional visits, referrals, and other information can be collected from the EMRs into an encrypted database [15] .
Data Linkage
Patients identified in the Swedish National Patient Register were linked to the National Prescribed Drug Register and the Cause of Death Register using their personal identity number (PIN). The linked data were used to create the database for cohort 1. Linkages across the national health registers were handled by NBHW and were made possible by PINs carried by each Swedish citizen from birth to death. After extraction, the EMR data were linked to the same Swedish national healthcare registers (Swedish National Patient Register, Cause of Death Register) to create the database for cohort 2.
The linkages were performed in accordance with national and EU data privacy legislation. The original key codes, containing the unique PIN, were separately delivered to the NBHW. All data were pseudonymised following linkage, and a new individual key code was produced and stored at NBHW. The merged and anonymised database was delivered to the principal investigator (PI) and no identification of patients was possible from then on.
Case Definition
The International Classification of Diseases, Tenth Revision (ICD-10) was used to identify patients with pulmonary fibrosis. ICD-10 code J84.1, i.e., patients with ''Other interstitial pulmonary diseases with fibrosis'', was used as an inclusion criterion. For cohort 2, in addition to the eligibility criteria mentioned above, patients with a registration of ICD-10 diagnosis code J84.1 in EMRs between 1 November 2004 and 12 March 2017 were also eligible. To obtain a population of IPF patients, the cohort 2 subpopulation was further refined to include only those having one or more radiology procedure (CT or chest X-ray) records in their EMRs following the diagnosis of pulmonary fibrosis.
Key Variables and Outcomes
Index Date
The date of first diagnosis of pulmonary fibrosis (cohort 1) or IPF (cohort 2) in a patient was considered the index date. For cohort 1 patients, this was the date of initial registration of ICD-10 J84.1 diagnosis code in the National Patient Register. For cohort 2 patients, this was the date of initial registration of ICD-10 J84.1 diagnosis code in the EMR and/or the National Patient Register. In the case of discrepancies between these two sources, EMRs were considered as the primary source. From the index date, patients were followed for the entire disease duration, i.e., until death or until the end of the study period (31 December 2015 and March 2017 for cohorts 1 and 2, respectively), whichever occurred first. 2. Disease Severity Forced vital capacity (FVC), expressed as a percentage of the predicted value, was used as a measure of disease severity. It was defined as follows: normal-FVC C 100%; mild-FVC C 80%, \ 100%; moderate-FVC C 50%, \ 80%; and severe-FVC \ 50% [16] . Data on spirometry test results were collected from the EMRs. 3. Comorbidities Comorbidities were extracted from the National Patient Register and EMRs using ICD-10 diagnosis codes. 4. Hospitalisation due to Pulmonary Fibrosis Number and duration of hospitalisations due to pulmonary fibrosis (i.e., having ICD-10 J84.1 as the main diagnosis code) were collected from the National Patient Register and from EMRs (as free text search).
Mortality
Information on all-cause and pulmonary fibrosis-related mortality was collected from the Cause of Death Register. Deaths with an ICD-10 J84.1 diagnosis code as the underlying cause of death were regarded as having been caused by pulmonary fibrosis. Non-pulmonary fibrosis-related mortality was divided into two categories: deaths caused by another respiratory disease (records with a J diagnosis code as the underlying cause of death) and deaths due to nonrespiratory causes (records with any other diagnosis code as the underlying cause of death).
Statistical Analysis
Continuous variables were described using summary statistics (number of observations, mean, median, standard deviation [SD] and IQR [25th and 75th percentiles]). Categorical variables were described using frequencies or percentages. The annual incidence and prevalence were calculated for each calendar year from 2001 to 2015, and presented as the number of incident or prevalent cases per 100,000 population per year. Incidence and prevalence information was presented for the overall study population as well as stratified by age and sex.
The prevalence of comorbidities occurring in [ 10% of patients was reported for the period before the index diagnosis (pre-index), as well as for the entire study period. Associations of gender, age at index date, and disease severity with annual number of hospitalisations were all assessed using generalised linear modelling with negative binomial distribution. Mortality was described using number of events, median time to event and 1-year survival. Cox proportional hazards models were used to ascertain the effect of age, gender and disease severity on mortality and corresponding hazard ratios (HR) with 95% confidence intervals (95% CI) presented.
Statistical comparisons were not conducted for differences between the two cohorts, as cohort 2 was a regional subset of cohort 1, and thus most patients in cohort 2 were also part of the larger national cohort.
Ethics Statement
This is a retrospective observational study that used anonymised patient data from the Swedish national health registries and primary care EMRs. The study was approved by the 
RESULTS
The incidence and prevalence of pulmonary fibrosis in Sweden, along with demographic and clinical characteristics, and the morbidity and mortality profile of pulmonary fibrosis/IPF patients are presented here. Results are presented separately for cohorts 1 and 2.
Cohort 1
A total of 18,750 patients with pulmonary fibrosis (ICD-10 code of J84.1) were recorded in the Swedish National Patient Register between 2001 and 2015, of which 17,247 (92%) met the eligibility criteria and were included in the final analysis (Fig. 1 ). Many patients (44%) were from the three most populous counties: Västra Götaland (16.5%), Stockholm (15.8%) or Skåne (11.7%).
The mean (SD) age of patients at the time of disease diagnosis was 74.6 (10.5) years. The majority of patients (10,771, 62.5%) were men. Disease duration, as measured by the median (IQR) duration of follow-up, was 1.8 (0.5, 4.3) years. A total of 5056 (29.3%) patients were diagnosed at a pulmonary clinic.
Incidence and Prevalence of Pulmonary Fibrosis
The incidence of pulmonary fibrosis in the Swedish population ranged from 10.4 to 15.4 cases per 100,000 population per year between 2001 and 2015; it remained stable over time. In 2015 (the last year of the study period), the incidence was 13.9 cases per 100,000 population. On the other hand, the prevalence of pulmonary fibrosis increased steadily from 15.4 cases per 100,000 population in 2001 to 68.0 cases per 100,000 population in 2015 (Fig. 2) .
The age-specific incidence and prevalence of pulmonary fibrosis in Sweden is presented as Fig. 1 Flowchart of the number of patients in each cohort Figure S1 in the electronic supplementary material. The incidence and the prevalence of pulmonary fibrosis increased with increasing age, and both were higher in men than women ( Figure S2 ).
Comorbidities
The prevalence of comorbidities occurring in [ 10% of patients during the pre-index period (i.e., any time before the index diagnosis) and during the entire study period are reported in Supplementary Table S1 . Early potential symptoms of pulmonary fibrosis such as dyspnoea, cough and fatigue occurred in 12.2, 3.7 and 1.5% of patients, respectively, before their index diagnosis. Respiratory infections and most cardiovascular disorders affected considerable proportions of patients before and after the index diagnosis (Table S1 ).
Hospitalisations
Within the first year of diagnosis, a total of 6073 (35.2%) patients were hospitalised with the main diagnosis of pulmonary fibrosis (ICD-10 code of J84.1). Most of these hospitalisations occurred in non-pulmonary wards (4857, 80%) as opposed to pulmonary wards (1216, 20%). During the fifth year after diagnosis, 403 (8.8%) of the 4604 surviving patients were hospitalised with the main diagnosis of pulmonary fibrosis, of which 104 (25.8%) were admitted to the pulmonary ward. A total of 8159 (47.3%) patients were hospitalised with pulmonary fibrosis as the main diagnosis during all followup after the index date; 1837 (22.5%) of them were admitted in the pulmonary wards.
Potential predictors of the annual number of pulmonary fibrosis-related hospitalisations are presented in Table 1 . Age at index diagnosis was positively associated with an increased number of hospitalisations, with a 1-year increase in age resulting in a 2% increase in fibrosis-related hospitalisation (p \ 0.001). Additionally, the expected number of hospitalisations per year was 25% lower in women compared to men, which was statistically significant (p \ 0.001).
Mortality
A total of 11,663 (67.6%) of the 17,247 patients died during the study period, of whom 3981 (34.1%) had pulmonary fibrosis as the primary cause of death (ICD code of J84.1). A total of 1441 (12.4%) patients died from other respiratory diseases, and 6241 (53.5%) died from non-respiratory causes. The mean age at the time of death was 76.9 years.
The Kaplan-Meier plot of survival probability with respect to death from any cause is shown in Fig. 3A . The median survival time was 2.6 years; the 5-year survival was approximately 30%. The median survival time among women was 3.1 years, which was better than that for men, who had a median survival time of 2.3 years (Table 2) .
Factors associated with all-cause mortality are presented in Table 2 . Older age at index date was associated with a significantly higher risk of mortality within a year of disease diagnosis: each year, the increase in age led to an increased risk of mortality by 6% (Table 2) . Female patients had a lower risk of mortality than male patients (HR 0.82, 95% CI 0.79, 0.85).
Cohort 2
A total of 2020 patients were identified with the J84.1 ICD-10 code in EMRs between November 2004 and March 2017. Of these, 1755 (86.9%) met the eligibility criteria and were included in the final analysis (Fig. 1) .
The average (SD) age of patients at the time of disease diagnosis was 72.0 (10.4) years; 1104 (62.9%) patients were male. The median (IQR) duration of follow-up after the index date was 2.8 (1.0, 5.4) years. Information on the specialty of diagnosis was available for 1512 (86.2%) patients, the majority of whom (862, 57.0%) were diagnosed in a pulmonary clinic.
Comorbidities
Among the early potential signs of IPF, the prevalence of dyspnoea was highest during the pre-index period (22.0%), followed by cough (Table S1 ). Information on smoking status was available for 60.3% of the patients: 74.1% of the classifiable patients were 
Hospitalisations
Approximately one-third of the 1755 patients (582, 33.2%) were hospitalised with the main diagnosis of pulmonary fibrosis (ICD Code J84.1 as the main diagnosis) within the first year of disease diagnosis, of whom 186 (32%) were admitted to pulmonary wards. In the fifth year following disease diagnosis, 65 (10.4%) of the surviving 626 patients were hospitalised with pulmonary fibrosis as the main diagnosis, of which 21 (32.3%) were admitted to pulmonary wards. During the entire follow-up period after the index date, a total of 950 (54.1%) of the 1755 IPF patients were hospitalised for pulmonary fibrosis-related treatment; 328 (34.5%) of them were admitted to a pulmonary ward. Potential predictors of the annual number of pulmonary fibrosis-related hospitalisations are presented in Table 1 . The number of hospitalisations increased with age: 1-year increase in age resulted in 1.03% increase in pulmonary fibrosis-related hospitalisation rate. Female patients had 26% lower hospitalisation rates than male patients, although this difference was not statistically significant. Data on disease severity at index diagnosis were known for 440 (25.1%) patients. Patients with severe disease (FVC \ 50%) had significantly higher The Kaplan-Meier plot of survival probability for all-cause deaths is presented in Fig. 3B . The median survival time for all-cause deaths was 5.2 years from the time of disease diagnosis, and the 5-year survival probability was 51%. Female patients survived for a median duration of 6.2 years from the time of their disease diagnosis. This was longer than for male patients, who survived for a median duration of 4.6 years ( Table 2) .
Factors related to all-cause mortality were ascertained (Table 2) . Age was associated with an increased risk of mortality: 1-year increase in age resulted in 6% increase in the risk of mortality within a year of disease diagnosis. Compared to male patients, female patients had a significantly lower risk of mortality within a year of disease diagnosis (HR 0.74, 95% CI 0.64, 0.85). Disease severity was not associated with an increased risk of mortality (Table 2) .
DISCUSSION
This study retrospectively identified two cohorts of patients in Sweden with an incident diagnosis of pulmonary fibrosis/IPF between 2001 and 2015: a national cohort (cohort 1) of pulmonary fibrosis patients (ICD-10 code of J84.1) and a subnational cohort (cohort 2) of IPF patients from Stockholm and Uppsala county councils, which was an in-depth EMR-based regional subset of cohort 1. Analysis of data from the national cohort depicted an annual incidence of between 10 and 15 cases of pulmonary fibrosis per 100,000 population and an annual prevalence of between 15 and 68 cases per 100,000 population. The disease incidence and prevalence were higher in older adults and men, who also had a poorer disease prognosis (higher hospitalisation and mortality rates).
Following a review of the literature, this is the first study linking the national registers with EMR data to describe the epidemiology of pulmonary fibrosis/IPF in the Swedish population. The method of combining data from EMRs and national registers has been used in numerous previous studies [17] [18] [19] [20] [21] . This allows patients to be followed between primary and secondary care settings, and to capture disease epidemiology and healthcare resource utilisation. Variability in the accuracy and degree of completeness of patient records due to differences in the standards of physician practice can, however, pose methodological challenges [22, 23] .
The incidence and prevalence of pulmonary fibrosis in the national cohort was higher than what has been previously estimated for the European population by studies investigating the epidemiology of IPF [2, 24, 25] . This finding may reflect a true under-recognised burden of IPF in the Swedish population. Alternatively, it may be an artefact of the case definition used in this study, as the exclusionary criteria may not have excluded all patients with non-IPF interstitial lung disease, leading to a diagnosis misclassification [26, 27] . It is, however, important to note that similar diagnosis algorithms have been used by previous real-world studies on IPF [28] [29] [30] .
The incidence of pulmonary fibrosis was higher in the older age groups and in the male population, which is generally consistent with the findings from other population-based studies in Europe and elsewhere [29, [31] [32] [33] [34] . While the higher incidence and prevalence of pulmonary fibrosis in older adults is probably due to age-related degenerative changes, it is possible that differences by gender may be partly due to differences in environmental and occupational exposures, which needs to be explored further. People engaged in occupations related to dust exposure, such as farmers, stone cutters and carpenters, have been found to have an increased risk of IPF [35] [36] [37] .
The incidence of pulmonary fibrosis in this study remained stable over the 15 years of observation, whereas the prevalence increased steadily over time (Fig. 2) . Similar patterns in the incidence and prevalence of IPF in patients aged 45 years and older have been reported from studies using US national healthcare claims data [33, 38] . While the stable incidence of pulmonary fibrosis represents a constant influx of new cases, the increasing prevalence can be attributed in part to the longer survival of patients, which may be linked to early case detection and referral due to increased awareness of IPF among primary care physicians. Early access to specialist care has been associated with a lower risk of mortality in IPF patients, irrespective of disease severity [39] . Availability of newer treatment options, such as anti-fibrotic medications, can also affect patient survival. Treatment with anti-fibrotic medications has been shown to reduce disease progression and may have the potential to prolong survival in patients with IPF [40, 41] .
Age at diagnosis was positively associated with hospitalisation and with mortality from any cause within 1 year of the index diagnosis in both cohorts. Similarly, compared to men, women had a lower risk of hospitalisation or death from any cause within 1 year of the index diagnosis in the national cohort. The higher risk of mortality in older patients and in men has been reported previously [42] [43] [44] . Comorbid conditions in this population were also generally consistent with previously studied populations of patients with IPF [45, 46] . This study has several limitations that are inherent to real-world data. Despite the use of a diagnosis algorithm to refine the disease definition, it is possible that a proportion of non-IPF patients were misclassified as IPF patients in the national registers and EMRs. Earlier studies have observed that the use of ICD codes to identify IPF patients may overestimate the incidence and prevalence of IPF [26, 27] . The probability of disease misclassification is higher in cohort 1 than in cohort 2, as patients in cohort 2 were additionally refined by the presence of at least one radiology procedure record (CT or X-ray) after their ICD-10 J84.1 diagnosis. Nonetheless, the effect of potential misclassification is unlikely to have significantly altered the major findings of this study, as the disease patterns and risk factors (except for the mortality experience) showed similar trends in both cohorts. The temporal trends in the national incidence and prevalence, and the trends across age and gender are not affected, as the misclassification, if any, is likely to be similar across the categories.
Other limitations of the data set include possible differences in the standards of physician practice, and the fact that clinical assessments may have been performed but not recorded in the EMR, and hence not reported to the National Patient Register. Similarly, diagnoses reflecting potential early symptoms of pulmonary fibrosis/IPF (e.g., dyspnoea, cough and fatigue) or comorbidities (e.g., depression, anxiety and diabetes) may have been underreported to the National Patient Register, as they are in most similar databases, resulting in underestimation of their prevalence. Furthermore, as the ICD-10 codes stay in the National Patient Register once entered, some of the comorbidities (e.g., chronic obstructive pulmonary disease [COPD]) may have been wrongly attributed to patients with pulmonary fibrosis/IPF.
The major strength of this study is the ability to link patient-level data from multiple sources, including nationwide administrative health registers and in-depth clinical information from EMRs. This allowed for a long and virtually complete follow-up of the patients in the study. In addition, combining EMR data from primary and secondary care allowed a more complete view of the patient journey than if only one of the EMR data sources would have been used. Lastly, the Pygargus methodology used to extract data from EMRs enabled the assessment of detailed clinical data on a relatively large scale, i.e., among a total of 1755 patients included in cohort 2.
CONCLUSIONS
This study underscores the importance of pulmonary fibrosis as a cause of respiratory-related morbidity and mortality in the Swedish population. The stable incidence and increasing prevalence over time could suggest longer survival of patients with pulmonary fibrosis. The higher morbidity and mortality in older patients highlights the importance of early case detection, diagnosis and management for better prognosis.
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